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SHOCK ISOLATION BEARINGS , AND ^TRAVEL LIMIT GAPS 
IN A SPINDLE MOTOR 
AND DISK DRIVE USING THE SAME 

5 BACKGROUND OF THE INVENTION 

6 Fieldofthelnvention 

7 XHep^, — ^.odi^ves. Mo. particular, y, the present rnventton re,ates 
, .osptad.en.o.orsfordis.cdnvesandd^dnvetha.usesuchspinaemco.. 

9 DescripiionoftheTnio^ 

„ A typ,, hard « dnve mclndes a head « assembly - 

I! board assembly ("PCBA")- - HOA incl.es ~< ^ ^ 

* *• ^ and a head stack assembly ( HbA ) mai mwu 
12 motor for rotating the disk, and contro llably positioned by 

14 a servo system in order to read or wn tQ ^ 

• i H<5A has three primary portions: (1) an actuator assembly that moves 

15 typical HSA has three prim y v ^ ^ actuator 

, n\ a head eimbal assembly ( HO a ) uuu oa 

, 6 servo control system, (2) » head « ^ ides an 

„ assembly and biases the head toward the drsk; and (3) 
„ electricalinterconnectwaminimalconstraintonmovemen,. 

A^ealHGArnc.ndesaloadbeam.agimbala^.oanendoftheloadbeam.and 

i - to ---;rd":::r- 

25 above its surface that lifts the head away from the disk PP 

u a- Ainhe "flving" over the disk when in this state. 

26 force. The head is said to be tiymg 
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the dnve is not in operation) Que qualification 
c u nf the drives (during the disk clamp installation process or aun g 4 

As me siuidg n h challenge encountered by 

of d esign and manufacturing changes have emerged. C»e such c 

■ ,. ^UV drive desisners and manufacturers is to reduce acoushc no.se. Acou 
ttia6 net.c hard drsk dnve desrgne ^ , s0 acoustic sBndard, the permissible 

acousuc no,se ,s often measured by ^ 

noiseemanatmgftomevensiightiydeformedanddamagedbeanngs. Therersacon, 
ZIItodeLpandh.g.oma.etdisMrivesmatemitHnieacoustrcno.se. 

_r design « - - ^^ZT^^ 

25 -ordrskstackassemb^— : ^,1^ 
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28 disk's servo system. 

29 SUMMARY OF THE INVENTION 
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a a w hall set between the first inner race and the first outer 
a first outer race and a first ball set betw 

and second inner races. b dist j nct 

■ r=— jt— := 

♦ form a first eap between the hub extension and at least a portion 
^ 50 : /I eln the hub — and a. .east a portion of the second inn, 
iimer race and a second gap between the (he first gap spans a first distance that is 

- — — - CITZU— — — — — 
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subj ec,en «o a shock even, when the spindle motor is no, in operation and , m operatic* 
, r ^We., The hub — may be conned - that the firs, — ~ - 

, se.ee.ed to be between abou, 0.000! and abou. 0.0012 inches in widft, for example. 

The shaft define a recessed portion between the firs, — " * 
recessed portion denning a first facing surface and a second facnrg surface, each of the firs, and 
Hd Lg surfaces being perpend.cuiar ,o the longitudma, ax. The hub ex,e„s,on ma 

I parti in,o the recessed portion to define a third gap with the first ^ ^ 

extend para y extens ion may be dimensioned such that the 

fourth eao with the second facing surface. The hub extension may 

greater than an operation, deflection, the non-operational deflection and the operation* 
n ^1 n being defined as a deflection of the firs, inner race relative ,o ,»e firs, outer race ft* 

I oc k J when ,he spindle motor is no, ,n operation and is in operation, resp^. * 

1S b e W eenabou,0.0001 andabou,0.0012inchesinwidti,,forexa m ple. 

A fifth compliant member may be disposed between the firs, outer race and fte ro.*y 

1 A seventh complian, member may be disposed between me huh ex,ens,on and ft. W 

outerrace. A ninth compliant member may be disposed between the first inner 

22 shaft An e,even,h complian, member may be disposed on a firs, portion of the hub 
! f the firs, facing surface and a twelfth compliant member may be disposed on a second 

23 I ^ rsionftatfacesftesecondfacingsurface. The spindle motor may further 
rlel t rrilpliant member deposed on a firs, portion of tire hub ex^ns ion - 

ii the hub extension that faces the second inner ring. 

Thefirs.ou.erracemaydefineafirs.hubex.er.ioncon.acuurfaceand.hesecondo, 
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the spindle motor may fiulher comprise a firs, preload keeper attached to the shaft, ft. firs, 
preload keeper loading a, leas, me firs, bearing by exerting a force on me firs, inner race, direCed 
toward .he second bearing. A .hirteenth complian. member may be disposed between ft. 
preload keeper and the first inner race and between me firs, inner race and .he shaft, and a 
fourteenth compliant member may be disposed b«ween the second inner race and the shaft and 
between the second inner race and the base. 

The spindle motor may be configured so as to define an axial .ravel limit gap, the axtal 
.rave, limit gap enabiing the spindle motor to displace and at leas, partially close me axia, travel 
,imi. gap without undergoing permanent deformation of the first and second bearings under the 
influence of a shock even, in an axial direction. The axial travel hmi. gap may be selected to be 
between abou, 0.0001 and 0.0012 inches in width, for example. The second o„.er race and .he 
spindle mo.or base may be mutuaUy spaced apart so as to define the axia, travel limit gap. The 
preload keeper and ,he firs, ou,er race may be mutuany space apart so as <o define .he axia, travel 
limit gap The spindle motor may further include a stator support configured to support a stator 
within the spindle motor, and me hub may include a lower bearing ring porUon. The sm.or 
support and ft. lower bearing ring portion may ften be mumally spaced apart so as <o define the 

17 axial travel limit gap. 

The spindle motor may be configured so as to define a radial trave, limit gap, the radtal 
.rave, limi, gap enabling .he spindle motor to disptace and a. ,eas. partiafiy Cose .he radia, .rave, 
hmi. gap without undergoing permanent deformation of the firs, and second bearings under the 
influence of a shock event in a radia, direction. The radial travel limit gap may also be selected 
.„ be between about 0.0001 and 0.0012 inches in widm, for example. The spindle motor may 
also include a sta.or support for supporting a stator, the stator support being integral wft the 
spindle motor base and .he rotary hub may further include a second bearing support portton for 
supporting fte second bearing and ft. s«a.or support and .he second bearing support portton may 
be mu«ua„y spaced apart so as .o define ,he radia, travel hmi. gap. The rotary hub further may 
inctode a second bearing support portion for supporting fte second bearing and ,he second 
beanng support portion and the second outer race may be muhtafiy spaced apart so as .o define 
,he radia, trave, hmi. gap. The hub exiension may define a .bird facing surface that is parafte, to 
me ,ongi<udina. axis and .his ftird facing surface may be spaced apart from me shaft so as ,0 
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define (he radial .ravel limit gap. The rotary hub may define a fourth facing surface that ts 
par a.lel to the longitudinal axis and .he preioad keeper may define a firs, preload keeper surface 
fta, is paralle! to and faces the fourth facing surface, the fourth facing surface and the firs, 
preload keeper surface bong spaced apart so as to define .he radial .ravel linu. gap. 

The present invenlion is also a disk drive, comprising a disk drive base; a spindle motor 
attached to the disk drive base, the spindle motor comprising: a spindle motor base; a shaft 
coupled to the spindle motor base, the shaft defining a longitudinal axis; a firs, bearing, the firs, 
bearing including: a firs, inner race attached .0 fte shaft; a firs, ou.er race; a firs, bail se. be,ween 
ft, firs, inner race and the firs, outer race; a second bearing spaced-apar, from the firs, beanng 
along the longitudinal axis, the second bearing induding: a second inner race attached .0 ft, 
shaft- a second ou.er race; a second ball se. between the second inner race and the second outer 
race'and a rotary hub surrounding the shaft, and a hub extension between fte firs, and second 
bearings fta, extends from fte rotary hub toward the longitudinal axis beyond fte firs, and 
second outer races and between fte first and second inner races. 

The present invention also includes a spindle motor for a disk drive, compnstng: a 
16 rowing shaft, fte ro,ating shaft defining a longiftdina. axis; a firs, bearing, fte firs, beanng 
including- a firs, inner race attached ,„ the rotating shaft; a firs, outer race; a firs, ball se. be«ween 
fte firs, inner race and fte firs, outer race; a second bearing spaced-apart ftom fte firs, beanng 
atong fte longitudinal axis, fte second bearing including: a second inner race attached ,0 the 
rotating shaft; a second outer race; a second ball se, between fte second inner race and fte 
second outer race; a hub sunounding the shaft, fte hub defining a hub extension configured ,0 
exert a pre-loading force on the firs, inner race, fte pre-loading force being directed toward fte 

23 second inner race; a spindle meter base, fte spindle meter base including a base extension 

24 be,wee„ fte firs, and second bearings ,ha, extends toward fte longitudinal axis beyond fte firs. 

25 and second outer races. 

The spindle motor may also include a seventeenth compliant member disposed between 
fte firs, outer race and fte spindle motor base, and an eighteenth comp.ian, member ftsposed 
between fte second outer race and fte spindle meter base. The seventeen* and eighteen* 
compliant members may be non-conductive or may be conductive. A nineteenth comphan, 
member may be disposed between fte firs, inner race and fte rotating shaft, and a twentieth 
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„ av be disoosed between the second inner race and the rotating shaft, 
compliant member may be disposed betwe 

The foregoing and other features of the invention are descnbed m detau 

in the appended claims. 
, BRIEF DESCRIPTION OF THE DRAWINGS 

Fi , ,A. is a cross-sectiona, drawuvg of a portion of a spind,e motor, according to an 
6 embodiment of the present invention. 

Fi , 1B . is a cross-sectiona, drawing of a portion of a spindle motor, according to a 
8 further embodiment of the present invention. 

Fig . 2 . „ a cross-sectiona, drawing of a portion of a spmd,e motor, according to another 
embodiment of the present invention. 

Fig . 3 is a cross-sectiona, drawmg of a portion of a spindie motor, according to a sh„ 
further embodiment of the present invention. 

Fig . 4A. is a cross-sectiona, drawing of a portion of a spi„d,e motor, according to yet 
another embodiment of the present invention. 

4B is a cross-sectiona, drawing of a portion of a spindie motor, according to another 
embodiment of the present invention. 

Fi , 5 is a cross-sectiona, drawing of a portion of a spindie motor, according to a former 
embodiment of the present invention. 

Fig . 6A is a cross-sectiona, drawing of aportion of a spind,e motor, according, another 
20 embodiment of the present invention. 

Fl , 6B is a cross-sectional drawmg of a portion of a spindle motor, accordmg to yet 
22 another embodiment of the present invention. 

Fi , 6C 1S a cross-sectional drawing of a portion of a spmdle motor, according to yet 
24 another embodiment of the present invention. 

Fi , 7A is a cross-sectional drawing of a portion of a spmdle motor, according to a still 
26 further embodiment of the present invention. 
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Fig . 7B U a cross-sectiona. ° f " ° f ' ^ m0t0 '- aCC0Kiin8 '° 3 St " 1 

father embodiment of the present invention. 

Fig . 8 is a cross-sectiona, drawing of a rotating hub-type spindle motor, according to an 
embodiment of the present invention. 

Fig . 9 is a cross-sectiona. drawing of rotating shaft-type spindle motor, according to a 
further embodiment of the present invention. 

Fig . ,0 ,s an eroded view of a magnetic disk drive according to an embodiment of .he 

8 present invention. 

B . U is a graph of hub axia, travel versus shock ieve. and sound power increase for a 
m 12 is a graph of hub axial travel versus shock level and sound power increase 
one or more compliant members. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

,00—edinaccordan cewithtins— 

drive ,00 is an integrated drive electronics (IDE, drive compnsmg a Head D.sk Ass 
(HDA) 144 and a Printed Circuit Board Assembly (PCBA) 1 14. 

The HDA 1,4 includes a base 1.6 and a cover 117 attached to the base 116 that 
, „ ,„ck ,23 ma, includes a plura,i<y of magnetic disks (of which only a 

m (such as a — - +* — ^""-3 at a 

„ SA ,20 on the base .16. Preferably, ,he spmdle motor 11 

^ angular velocity about a spindle ~~-J?J£^ ^ 

c „ rino or rotary actuator assembly 130, at least one nea 
composes a swing-type or rouuy * includes a 

, , «w„ i «n The rotary actuator assembly 13U inciuuw a 
ur \\ 1 10 and a flex circuit cable assembly 180. ine rotary 

.40, at leas, one achrator a™ 160 cantilevered from me body portion ,40, and a 
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cotl portion ,50 covered from .he body portion 140 in an opposite direction from the 

c^— -n^ 

s ecu re dtothebaseU6viathepivot-beanngcartndgel84 S othattt.en 

secured to ine o p . „ f ,h, disks 111 112. The pivot-bearmg 

theHGAllOmaybemovedoverarecordmgsurfaceofthedtskslll, " 

cartridge 184 enables the HSA .20 to ptvo, about a pivot axis, shown tn ,, 1 a. r^n 
numer 1 .82. The storage capacity of the HD A 111 nray be increased, . shown ,n ,g 1 by 
HdLg addmona, drsks ,n the disk stack .23 and by an HSA 120 having a verhca, stack of 
HGAs 1 1 0 supported by multiple actuator arms 1 60. 

Figs 1 A through 7B are cross-sectional representations of a portion of a spindle motor 
„, adding to embodiments of the present invention. 1, is to be understood *a, only a 

.ch of the drawtngs 1 A through 7 B and tha, fhe right-hand side thereof is a .„ - 
, h e shown .eft-hartd side. As shown in Figs. 1A and IB, Ore spn,d,e motor 113 . 

1 IB) is coupled. As shown, the shaft 12 defines a longitudinal axis 13. The sptnd, motor 

d a firs, ba.1 se, 20 between the firs, tuner race 16 and the first outer race 18. The second 

second ttuter race 24 a..ached to the shaft ,2, a second ou.er race 26 an a 
23 disposed between the second inner race 24 and the second outer race 26. The otary hub 
ulounds the shaft 1, The spindle mo.or, according to ,e presen. mventton , a.so ^ 
h „b extension between the first bearing 14 and the second bearing 22. As shown n b th Ftg, 
nub exiensi longitudinal axis 13 

1 A and IB, the hub extension extends from the rotary hub 32 to 

j niItpr races is 26 Indeed, as shown in Figs. 1A and IB, the nuo 
hevond the first and second outer races is, zo. 

elsion 34A, 34B extends beyond the firs, - second outer races .8, 26 so as to tncMea 
surface fta, faces the firs, inner race .6 and a surface that faces the second tnner race 24. The 
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shown in Fig. IB at reference numeral 34B. 

THe « and second ou,er races ,8, 26 may be a„ached * fte rotary nub 32 Accord** 

bearings .4 22 so as .0 form a firs, gap 36 between ft. hub extension 34A, 34B and a, iea* 

rapo rti onof t heseco nd inuer ra ce24. The first gap 36, according to the present invention, 

I a a trave, Urni, stop during a non-operanona, shoe, even, tha, inCudes an ax.a, conrponen, 

II ,0 ,he ^ axis ,3), so as » ,hni, ft. of fte firs, inner race ,6 re,a«ve * 
, writer rac ,8. Indeed, during a shoe, even, fta, inCudes a significant conrponen, 

I - - — - « - - W - — ' 'It- 
second inner race 24 and fte firs, gap 36 may be reduced to zero, ftereby bypassing ft. « 

M hZension 34A, 34B and fte hub 32. Simiiariy, fte second gap 38, according ,o fte presen 
n acfc as a tt avC Mt s,op during a shock even, fta, inCudes a axial conrponen, 

direc ,ed in fte axia, direOion, fte second inner race 24 may undergo a displacement toward ft 
^22 and herring fte ioad imposed upon fte second bearing 22 by fte shoe, even, ,o 
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1 21 the hub extension 34A, 34B and the hub 32. 

' 1 The hub extension 34A, 34B may be dimensioned such that the first gap 36 spans a first 
1UC . ., . ■ tv,an an nnerational 
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The hub extension , 

di stance fta. is iess ftan a nou-operationa, defection and fta, is greater than an opera onM 

. « — . * - — — • ■ ° f z t:i 

Herein may be defined as smaiier ftan a defleOion fta, wouid cause permanen, dam g , ft. 

Tanlr second bearings ,4, 22 and/or fte spindie mo*, A non-operationa, de fl ec*m 

ling ,o fte presen, — , may be defined as a deflection of fte firs, mner race 

,te o fte firs, outer race ,8 fta, wouid cause permanen, deformauon of fte firsfbearm 
llftespindierno.orbesubjec.edtoasboc.eventwhenftespind.emotorisnotinoperation 
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(eg the hub 32 is no, currently spinning), In contrast, an operational shock even, may be 
defined (re.ative ,„ the firs, bearing 14) as a defiection of me firs, inner race .6 relative ,o ,h« 
firs, outer race 18 tha, would cause permanent deformation of the firs, bearing 14 should the 
spindle motor be subjected ,o a shock even, when ,he spindle mo,or is in operation. Ukew.se, 
,he hub exlension 34A, 34B may be dimensioned such ,hat ute second gap 38 spans a second 
disuse mat is less than a non-operationa. deflection and mat is greater than an operational 
deflection. In this case, the non-operationa. deflection may be defined (relative to me second 
bearing 22) as a deflection of me second inner race 24 relative ,o me second outer race 26 that 
would cause permanent deformation of the second bearing 22 should the spindle motor be 
subjected to a shock even, when the spindle motor is no. in operation. Similarly, an operational 
shock, according .o an embodiment of the present invention may be defined (relative to the 
second bearing 22) as a deflection of the second inner race 24 relative ,o me second ou,er race 26 
ft* would cause permanent deformation of the second bearing 22 should the spindle motor be 
subjected to a shock event while in operation (e.g., spinning). According to the present 
invention, the first and second gaps 36, 38 may be configured to be between abou, 0.0001 and 
16 about 0.0012 inches in width, for example. 

According to further embodiments of the present invention, the spindle motor may 
include one or more compliant (elastomeric, for example) member to isolate the firs, and second 
bearings 14 22 from the shaft 12 and/or other structures within the spindle motor. An example 
of such compliant members is shown a. reference numerals 50 and 54 in Fig. 2. The remainmg 
structures of Fig. 2 have been described relative to Figs. 1 A and IB and a detailed desenption 
.hereof is omitted here. As shown therein, the firs, and second inner races 16, 24 are attached to 
■ u .he shaft 12, and the spindle motor further includes a compliant member 50 between the first 
2 4 outer race 18 and the rotary hub 32 and another compliant member 54 between the second outer 
race 26 and the rotary hub 32. The embodiment of Fig. 2 may also advantageously mclude a 
separate hub extension 34B (as shown and described relative to Fig. 1 A), rather than the umtary 
hub extension 34A shown. Compliant members such as shown at 50 and 54 in Fig. 2 lower 
acoustic noise by reducing transmission of vibrations in the firs, and second bearing 14, 22 ,o the 
shaft 12 and the HDA, as there is no metal-to-metal path from the shaft 12 to the hub 32. 
Moreover, compliant member such as shown a, 50, 54 may reduce turd damp me overafi bearmg 
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stiffness, thereby causing to primary — resonances such as pitch (inducing forward and 
backward gyro modes) and axial mc.es to occur a. .ower fluencies with dampmg. The 
compliant members may be formed of or include rubber, plastic sleeves or even O-nngs, for 

e. 

The present spindle motor may include a recessed portion 40 defined within toe shaft .2 
between the first and second inner aces 16. 24, as shown in Fig. 3. The recessed portion 40 
itself defines a firs, facing surface 4, and a seend facing surface 42, each of to firs, and second 
facing surfaces 41. 42 being perpendicular to to longitudinal axis .3 of the shaft 12. According 
t0 an embodiment of the present invention, to hub extension - configured either as shown a, 
34A in Fig 1 A or as shown a. 34B in Fig. IB - extends partially into the recessed portton 40 to 
define a third gap 43 with the firs, facing surface 41 and a fourth gap 44 with to second facng 
surface 42. In .he embodiments of to present invention including a recessed portion 40, to 
shaft 12 is a split shaft tha. includes a shaft base portion 72 and a shaft .op portion 74 (dehrmted 
by to dashed line 70) to. arc ma.ed to one anotor through a threaded interface, via a press fit, 
adhesive, swage or by other means, as known to those of skill in this art. 

The hub extension (configured as shown at 34A or 34B) may be dimensioned such tot 
ft. third and fourth gaps 43, 44 each span a tod distance that is less than a non-operafonal 
deflection and greater than an operational deflection. Again, to non-operationa! deflection ,s 
defined as a deflection of to firs, inner race 16 relative ,o to firs. ou,er race 18 and of to 
second ,-ner race 24 relative to to second ou.er race 26 to. would cause permanent deformation 
of the firs, and second bearings 14, 22, respectively, should to spindle motor be subjected to a 
shock event while no. in operation. The operational shock, in contrast, is defined as to same 
deflections, bu. occurring while to spindle mo.or is in operation (e.g., spinning). Such tord and 
fourth gaps 43, 44 are preferably each selected to be between about 0.0001 inches and about 
000,2 inches in width, for example. Small loads occasioned by shock events of shgh. 
magniti.de may be carried entirely by to first and second bearings 14, 22. Greater .oads 
occasioned by shock events having a axial component of greater magnitude may cause to hub 
extension 34A, 34B to close the third gap 43 or the fourth gap 44 (the width of to third gap 43 
or of to fourth gap 44 becomes sero), depending upon to direction in which to ax.al 
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opponent of the shock even, is directed The resulting .oad, therefore, is no longer earned by 
the firs, and second bearings .4, 22, b», is, ins,ead, carried by the structures tha, define the gap 
(in .his case, the hub extension 34A or 34B and the ftrs, facing surface 41 or the second facmg 
surface 44 of the spindie motor shaft 12). The tod and fourth gaps 43, 44, therefore, ae. as 
travel limit stops, preventing excessive compression and subsequent deformation of the firs, and 
second bearings 14, 22. I. ,s to be noted that gaps or travel limits stops according to the present 
invention (such as third and fourth gaps 43, 44) need only be large enough (as a measure of then 
,„wer size limit) ,0 insure tha. there is no contact between the rotating (hub 32, for examp.e) and 
stations parts (such as the shaft 12) during operation of the spind.e motor. In other words, the 
gaps or .rave! hmi. step disctosed herein may advantageous* be dimensioned so as there ts no 
contact between the structures defined the gaps or travel limit stops during shock toads that are 
no, large enough to cause permanent deformation of the firs, and/or second bearings 14, 22, to 
the spindle motor or to the drive incorporating the present spindle motor. 

As shown in Fig. 4A, the first and second outer races 18, 26 may be attached to the rotary 
hub 32 and the spindle motor may further comprise a compliant member 52 between ,he firs, 
inner race 16 and tire shaft 12 and another compliant member 56 between the second mner race 
24 and the shaft !2. In this manner, tire shaft 12 is isolated from the firs, and second beanngs 14, 
22 further damping vibrations, reducing acoustic noise and shaping the pulse response of the 
spindle motor in response to a shock event. The presence of the compliant members 50, 54, 52 
and/or 56 may allow the firs, and second bearings 14, 22 ,„ wi,hs,and a shock even, havmg a 
s,gnifican, radial component without permanently deforming the bearings 14, 22, as the 
comphan. members are relatively more eiasticaUy deformab.e than Ae bearings 14, 22, thereby 
absorbing a. leas, a portion of the load imposed on the bearings .4, 22 by the shock event. 

Alternatively or in addition to such compliant members 52, 56, the present spindle motor 
may include a compliant member 50 between tire firs, outer race 18 and the rotary hub 32 and 
anomer complian, member 54 between ,he seoond ou,er race 26 and me ro,ary hub 32, as shown 
in Rg 4B Spindle motors such as shown in Figs. 4A and 4B are better able ,0 withstand shock 
events directed in both the axial and radial directions, the radial direction being defined herem as 
being perpendicuU to «he axis 13. Indeed, «he complian, members 50, 54, 52 and/or 56 altow a 
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greater displacement of the firs, and second bearings .4, 22 in the radial direction, whrch allows 
the radia, gap to be reduced to zero without permanent* damaging the first and second beanngs 
,4 22 As shown in Fig. 5, the spindle mo,or according ,o ,he presen, invention may mclude 
each of me compUan, members 50, 54, 52 and 56, as well as ,he gaps 43 and 44. Such a spin le 
motor may mdude a hub extension 34A (as shown) or 34B, as shown in Fig. IB. Additionally 
the shaft ,2 may define a recessed portion 40 (as shown in Fig. 5) or no, include such a recessed 
portion 40, as shown in Figs. 1 A and IB. 

According to a still further embodiment of the presen. invention, the spindle motor may 
inc ,ude another compliant member 46 disposed between the hub extension 34A (or 34B) and the 
first outer race ,8 and a counterpart compliant member 48 disposed between the hub ex.ens.on 
34A (or 34B) and me second outer race 26, as shown in Fig. 6A. Such compliant members 46 
and 48 provide a bearing preload and additional compliance and sway space for the firs, and 
second bearings !4, 22. As shown in Fig. 6B, when comphan, members 46 and 48 are prov, ed 
compliant member 50 may also be provided between the firs, outer race 18 and the rotary hub 32 
and compha,, member 54 may be provided between the second outer race 26 and the rotary hub 
32 Additional compliant members 52 and 56 may also be provided benveen me firs, and second 
inner races ,6, 24 and .he shaft 12. CompUan, members 46 and 50 may be advantageous* 
combined as compiian, member 5, ,ha. covers a. leas, a portion of me two surfaces of ,he ft* 
o„,er race ,8 ma, are in con,ac, wi.h me hub 32 and .he hub extension 34A or 34B, as shown m 
Fig 6C Likewise, .he members 48 and 54 may be advan,ageously combined as comphan, 
member 55 (as also shown in Fig. 6C) ma, cove, a, leas, a portion of .he .wo surfaces of me 
second outer race 26 that are in contact with the hub 32 and the hub extension 34A or 34B. F.g. 
6C shows an embodiment wherein the shaft 12 does no. define a recessed portion 40. 

Fig 7Ashowsauembodimen.ofaspindlemo to rwhereinfarthercompliantmembers58 
25 and 60 are disposed on the hub extension 34A. Specifically, the comphan. member 58 ,s 
disposed on the firs, portion of me hub extension 34A, 34B ma, faces a firs, facing surface 4 of 
the recessed portion 40 and me compliant member 60 is disposed on a second portion of the hub 
extension 34A, 34B ma, faces ,he second facing surface 42 of me recessed portion 40. Ttas 
embodimen, combines a compiian, member wim me .rave, s,op gaps 43 and 44 ,o prov,de 
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1 a Purina an axially-directed shock 
f tin. first and second beanngs 14, 22 dunng an axia y 

" Pr0KC,,0n «0 mav dampen some of the higher fluencies of the 

even,. The comphan, membe. » « ^ » » 40 rf fte shafl 12 

shock, whereas the facing surfaces 41 and 42 form ^ 
, .„, n fme hub 32 and/or the hub extension 34A or 34b to tner ,f 

limit the displacement of the pennanent damage and/or deformation when subjected 

first and second beanngs 14, 22 trom penu 

shock event. 

, , ,«7B shows an embodiment of the present invention wherein the compliant 
Simdarly, F,g. 7B show an ^ ^ 

members 58 and 60 are disposed on the hub exter*, P ^ ^ ^ 

»"^— to -r7-t^T. ZZZ* on34B,hatfaces,heseco„d 
inner race 24. The compliant ^ ^ race 

— »d,n— ,on ---tl^ — 

« — - - ^ tit _ beanngs 14, 22 from permanent 

second outer race 26, thereby prote ^ 
.mage a»d,or deformaUon when subjected ,„ a _ hub 

u j- «t Fie 7A could incorporate a hub extension j 
embodiment of Fig. 7 A incorporate the hub extension 

extension 34A and that the embodiment of Fig. 7B could readily 
34A rather than the shown hub extension 34B. 

f e«<nHl P motor 80 and illustrates additional 
Flg . 8 shows a cross-sectional view of a spindle motor 

■ M 80 is shown with a discrete hub extension 34B, whereas me 

the spindle motor 80 is shown is unders « 0 „d that, in practice, a spindle motor 

.hereof shows an integral hub extension 34A. It underst 
WO u.d have either a discrete hub extension 34B or an integral 3 ■ 

numerals and a detailed description of these structures is omitted here. 

1 8 defines a first hub extension contact surface 19 and the 

extension contact surface iy ana includes a preload 

10 97 The soindle motor shown in Fig. 8 also inwu 
extension contact surfaces 19, 27. The spina 
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i j i inline at least the first bearing 14 

H M may be disposed between the second inner race 24 and the shaft .2 and between the 

The present invention inc.udes addition, features that are designed to transferee ,oad 
created by a shoe, impn.se to no,essen,ra, mechanic, feamres, to bypa, the « - 
10 bearings .4 22 and to keep the ioad imposed thereon beiow damagtng .eve., Thrs ■ a lueved 

firs, and second beanngs ,4, 22 may be mode.ed as stiff springs *a, deflect under 

"Lum-tgap, 
I 0 to disp.ace and a, .east partiaUy Cose the axia, trave, Hmit gap without the beanngs ,4 22 
' llgo, g permanent deformation under the influence of a shoe, even, in -*-a™ 
ZTJL* ~ sap, a— , the present — , may be se.ected to be between 
about 0.0001 and 0.0012 inches in width, for example. 
L, One such axia. trave, ,hni. gap, as shown at reference numera. 8,4, may be defin. by 

I the spacing be,ween the second outer race 26 and the spind.e motor base 802. Under the 

Z ad to the spind.e motor base 802, radrer than the second bearing 22. ^ such ^ 
trave, .imit gap is shown a, 832, which gap is defined by the mutua, spacmg of «h e pre.oad 
C 86 andl first outer race ,8. hr this manner, the have, of the firs, outer race ,8 towarf 
Upload Keeper 8o is hunted ,o the width of the axra. «ave, .irnit stop 8,2, whtc gap^ 
Pensioned ,0 prevent permanent deformation of the firs, bearing ,4 when under .oad. Th 
of the sp,nd,e motor 80 may inCude a stator support 80, configured to support *. 
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, portion 83. According ,o the present invention, «he s«„r support S03 and the .ower bearing ring 

3 gap, as shown at 836. 

Similarly, the spindie motor according to .he present invention may also and/or 
aUematively be configured so as to define one or more radial trave. ami. gaps. The radia, trave. 
Umi, gap(s) enab.es a portion of the spind.e motor to disp.ace and a, .east partiaUy Cose the 
radial .rave, Hmi. gap without undergoing permanent deformation under the influence of a shock 
event in a radia, direction. The width of .he radia. trave. limit gap may be se.ec.ed to be between 
about 0.0001 and 0.0012 inches, for example. 

One example of such a radial trave. limit gap is shown a. reference 828 in Fig. 8. The 
radial trave, limit stop 828 is defined by the mutual spacing of the s.a,or support 827 tha. 

support 827 may be integra, with the spindle motor base 802. The spindle motor accordmg .o 
tne present invention may also be configured .o include another such radia. trave, Hmi. stop as 
shown at 838. Radia, travel limit stop 838 is defined by the spacing between the second outer 
race 26 and the portion of the spindle base 802 mat supports the second outer race. ^respective 
of whether ,he hub extension is configured as shown at 34A or 34B, me hub extension 34A or 
34B define a facing surface that faces the shaft .2 and ma, is paralle, to the longUudinal ax,s 13 
„ thereof The shaft .2 and this facing surface, as shown in Fig. 8, ma, define a radia. trave. Imu. 
stop 826. Another examp.e of a radia, trave, Hmi. stop is shown a, 824. As shown, a surface of a 
portion of the hub 32 is paralle. to toe longitudinal axis 13 and faces the preload keeper 86. The 
preload keeper 86, in turn, defines a pre.oad keeper surface ma, is paral.e, .o and faces tins 
2J surface. The spacing be«ween these two surfaces, shown in Fig. 8 a, 824, may be configured and 
24 dimensioned ,o funCion as a radia, trave, hmi, s,op gap. The presen, spind,e motor may be 
configured ,0 incorporate axia, and/or radial trave. stop gaps other man shown in F,g. 8. All 
such travel stop gaps should be considered to fal, within the scope of the present invention. 

The presen, invention may also be applied ,0 a spindle m„«or having a ro,a«ing shaft. Fig. 
9 shows a cross-sectional view of such a rotating shaft spindle mo.or. Again, .he cross-sectional 
view of Fig. 9 is no, symmetrica, and is designed * illustrate various embodiment of tire presen, 



10 

11 

12 
1 13 
14 
15 
16 
17 
18 



20 
■ 21 
22 
23 



25 
26 



27 
28 
29 



Y:\K35A\A0400-A0499\A0459\DOCS\a459paf.doc 



Page 17 of 30 




PATENT 

ATTY DOCKET K35D0459 



2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
16 
17 



hrvenfio, As ^ such a spindle — — ■ — - 7 ^ * 
^dina, axis ,3. The hub 950 surrounds <he shaft 17 an, defines a huh — ~ 
Jigured ,o exer, a pre-loading force on *. firs, inner race ft- - ^ * 
LTinner race 24. The spindle mo«or of Fig. 9 may also include a lower pre oad keeper 9 

he second inner race 24. The spindie motor also inciudes a spindle motor base 960 that mc 
TZ extension 35 between ,e firs, and second hearings ,4, 22 tha, ex,ends toward , 
onlina, axis ,3 beyond the first and second outer races ,8, 26. Compliant members may he 

me firs, ou,er race 18 and ,he spindle motor base 960 and another comphan, member 90S may 

between the second outer race 26 and the spmdle motor base 960. Alt— a 

shaft 17 Such compliant members may be configured as an L shape to damp 
!1 the firs, and second bearings !4, 22 from shock events in horn the ax,al an radra, 
17 Alternatively, the compHan, members may be shaped as an ,» and ^ 

Us in only the axia, or on, the radial direction, depending upon its placemen, 
9 *I m„,o, The complian, members 902, 904, ,06 and/or 908, as wi,h al, comp », 
Lbersdisclosedherein.mayei.herbeconduCiveornon-conducfive. The embodtmen, f ^ 

Lay a,so include one or more radial «ave, limi, s,ops and,or one or more 
lops similar ,o ,hose described re,a,ive ,o Fig. 8. Advan,ageous.y, ,he presence of su h ax,a 
X radial .ravel limit stops and/or complian. members enables ,he firs, and secon beanngs 
: ; 2 I wi.hs.and shock even* of grea.er magnUude man would be me case w,mou. mese 
structures irrespecfive of the axial or radial direction of such shocks. 

"g „ is a graph of hub 32 axial .rave, versus shock level and sound power mcrease 
when the spindle motor is no, provided wfth any comphan, members, accord* 
invenUon. Fi, !2 ,s a graph similar .0 ,ha, of Fig. U, hu, TO an embod m em w ^m 
te spindle mo,or is provided wi,h one or more complian, members, accordmg ,0 *e pr^ 
in vln. m bom F, g , ,1 and ,2, ,he X axis is Shock level - 2msec 1/2 sme and curve »00 
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dig shoe, - .eft sca,e. Curve U20 show, *. acoustic increase (in dB, due to shock - ght 
sca,e The dash* hue .170 a, 300 g's represent a typica. „on-opera,iona, shock speefcafcon, 
whereas ,he dash«, .ine a. 60 g's represents an operation* shock specification. The hues 
fenced by ,130 and 1.40 represent the desired range for the travel limit stops of the presen 
invention. The dashed lines referenced by U50 and U60 represent the shock levels (and 

As shown in Fig. 11 (no comphan, member case), the dashed hue 1170 a. 300 gs 
presents typical non-operationa, shock specification and the bottom of dashed 1 .70 crosses 
th e acoustic increase hne , .20 a, about 1 dB, whereas the top of .bedashed ,me 1,70 crosses *e 

an operate, shock even,, the minrmum gap widm sbou.d be about 5 urn. To Cose *e gap 
Wore permanent damage occurs, bottoming ou, should occur before about 2 pm (or 33 M- 
m aximum). This range of 5 pm ,o ,2 pm corresponds to about 0.0002 inches to about 0.0005 

Fig ,2 shows the case wherein a comp.iant member has been added in series with the 
I8 oearings ,4, 22 according to the present invention. Fi, .2 assumes tha, the stiffness of the sen* 
I ^pLmemberisaboutcualtoUtatofmebearings,^, fc this con gurauon, *e d, 
pack resonance fluencies drop and me tso.ation of the firs, and second beanngs 4 2 
increases. The dashed line a, , 170 a, 300 g's again regents a rypica. non-operationa, shock 
specification. As shown, the .ine 1.70 crosses the acoustic increase Hne ,.20 a, about . dB and 
crosses me hub deflection line 1.00 a, about 3. urn. Therefore, to prevent acoustic damage, the 
hub trave, shou,d be hunted to ,ess than about 3. urn. To avoid contact during operational 
snocks, me minimum gap clearance should be about „ urn. Moreover, ,o Cose the gap be ore 
the bearings .4, 22 sustain permanent damage, the bottoming out should occur before about 27 
um (or a maximum of 3, pm). This range of „ urn to 27 urn corresponds to the gap range of 
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